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(57) ABSTRACT 

A method for manufacturing a microlens includes forming a 
microlens by pressing a microlens mold having a reverse 
shape of a microlens formed therein on a microlens-forming 
film formed on a substrate to transfer the reverse shape of the 
microlens to the microlens-forming film. The microlens mold 
is formed by irradiating an inorganic resist film which is 
formed on a mold substrate with exposure light by relative 
two-dimensional scanning, and etching an exposed region of 
the inorganic resist film to form the reverse shape of the 
microlens. The irradiation intensity of the exposure light is 
adjusted to correspond to the depth of the reverse shape of the 
microlens from the Surface of the inorganic resist film on the 
basis of profile data of the reverse shape of the microlens. 

9 Claims, 15 Drawing Sheets 
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1. 

METHOD FOR MANUFACTURING 
MCROLENS AND METHOD FOR 

MANUFACTURING SOLD-STATE IMAGE 
SENSOR 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present application claims priority to Japanese Patent 
Application JP 2008-013492 filed in the Japanese Patent 
Office on Jan. 24, 2008 and Japanese Patent Application JP 
2008-153760 filed in the Japanese Patent Office on Jun. 12, 
2008, the entire contents of which are incorporated herein by 
reference. 

BACKGROUND 

The present application relates to a method for manufac 
turing a microlens and a method for manufacturing a solid 
state image sensor provided with the microlens. 

Applications of microlenses and microlens arrays are 
roughly divided into microlenses for condensing light on 
divided microelements and microlenses alternative to single 
part lenses. 

In the application to microlenses for condensing light on 
divided microelements, for example, the microlenses are used 
for effectively utilizing a quantity of light by condensing 
incident light on effective regions of photoelectric transduc 
ers in a solid-state image sensor (CCD) of a camera including 
light-receiving elements, or an image sensor for reading 
faxes. 

Also, the microlenses are used for increasing luminance by 
effectively condensing light in display pixels which are two 
dimensionally arranged on a transflective liquid crystal dis 
play panel. 

In the application to microlenses as alternatives to the 
single-part lenses, the microlenses are used as alternatives to 
lenticular lenses of a rear-type projector. 

In a general method for manufacturing a microlens (includ 
ing a microlens of a microlens array), a resist is melted, and a 
curved surface is formed using the Surface tension of the 
melted resist. 

For example, as shown in FIG. 15A, a photoresist film is 
formed on a lens-forming film 102 formed on a substrate 101, 
and exposure and development are performed for the photo 
resist film to form a columnar resist pattern 103. 

Then, as shown in FIG. 15B, the resist pattern 103 is 
fluidized by heating to form the shape of a convex lens. Then, 
the shape is solidified by cooling to form a convex lens 
shaped resist lens pattern 104. 

Next, the convex lens-shaped resist lens pattern 104 and the 
lens-forming film 102 are etched. 
As a result, as shown in FIG. 15C, the convex lens-shaped 

resist lens pattern 104 (refer to FIG.15B) is transferred to the 
lens-forming film 102 to form a convex lens-shaped micro 
lens 105. 

Alternatively, although not shown in a drawing, a polymer 
film formed on a Substrate is formed into a columnar shape by 
laser processing, and then the column-shaped polymer film is 
fluidized to form the shape of a convex lens using the Surface 
tension of the polymer. Then, the polymer is solidified by 
cooling to form a microlens. 
The above-mentioned method for manufacturing a micro 

lens may be applied to the formation of a plurality of micro 
lenses in a large area. However, since the convex lens-shaped 
resist lens pattern which determines the shape of a microlens 
is determined by the mobility of the resist, the degree of 
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2 
design freedom is decreased, and it is difficult to achieve 
desired light diffusion characteristics in pixels. 

In addition, when the resist pattern is softened and fluidized 
by heating, there occurs the problem that if adjacent resist 
patterns come in contact with each other, the resist patterns 
are Smoothly connected together due to the Surface tension, 
thereby distorting the lens shape. Therefore, it is difficult to 
form connected microlens arrays. 

In a recent compact digital camera or a camera of a cellular 
phone, miniaturization and thinning have proceeded, and the 
distance between a lens and a solid-state image sensor (e.g., a 
CCD or CMOS sensor) has been decreased. Therefore, there 
has occurred the problem that the angle of light incident on a 
microlens array is increased in the peripheral region of the 
Solid-state image sensor, thereby causing large deviation 
from a light-receiving effective region and decreasing sensi 
tivity due to a decrease in light-receiving efficiency. 

In order to resolve the problems, a technique is disclosed, 
in which an optimum lens shape is formed in accordance with 
the position of a light-receiving portion by an electron beam 
exposure technique using DML (digital microlens), thereby 
achieving an improvement in light-receiving efficiency with 
an incidence angle of 30° or more (refer to, for example, 
Kimiaki Toshikiyo, Takanori Yogo, Motonari Ishii, Kazuhiro 
Yamanaka, Toshinobu Matsuno, Kazutoshi Onozawa, 
Takumi Yamaguchi, AMOS ImageSensor with Microlenses 
Built by Sub-Wavelength Patterning, 2007 ISSCC, SES 
SION 28, IMAGE SENSORS 28 Aug. 2007). 

Further, as a method for changing the shape of each of the 
lenses in the above-described microlens array, a technique of 
anisotropically applying pressure to a lens mold is disclosed 
(refer to, for example, Japanese Unexamined Patent Applica 
tion Publication No. 9-323353). 
The former method has the problem of using a large appa 

ratus for electron beam exposure, and the latter method has 
the problem of a low degree of freedom for forming a micro 
lens with a desired shape and the difficulty in applying to 
miniaturization of a microlens. 

SUMMARY 

A problem to be solved is that it is difficult to form a 
microlens with a desired shape without using an electron 
beam exposure device. 

According to an embodiment, the formation of a microlens 
is provided with a desired shape without using an electron 
beam exposure device. 
A method for manufacturing a microlens according to an 

embodiment includes forming a microlens by pressing a 
microlens mold having a reverse shape of a microlens formed 
therein on a microlens-forming film formed on a Substrate to 
transfer the reverse shape of the microlens to the microlens 
forming film. The microlens mold is formed by irradiating an 
inorganic resist film which is formed on a mold substrate with 
exposure light by relative two-dimensional scanning, and 
etching an exposed region of the inorganic resist film to form 
the reverse shape of the microlens. The irradiation intensity of 
the exposure light is adjusted to correspond to the depth of the 
reverse shape of the microlens from the surface of the inor 
ganic resist film on the basis of profile data of the reverse 
shape of the microlens. 

In the method for manufacturing the microlens, the micro 
lens mold is formed by irradiating the inorganic resist film 
formed on the mold substrate with the exposure light by 
relative two-dimensional scanning without using electron 
beam exposure. In this exposure, the irradiation intensity of 
the exposure light is adjusted to correspond to the depth of the 



US 8,309,000 B2 
3 

reverse shape of the microlens from the surface of the inor 
ganic resist film on the basis of profile data of the reverse 
shape of the microlens. Consequently, when the two-dimen 
sional plane of the inorganic resist film is irradiated with the 
exposure light, the exposure light is adjusted to desired irra 
diation intensity. 

Therefore, the desired reverse shape of the microlens is 
obtained. 

Further, the depth of the reverse shape of the microlens may 
be controlled by controlling etching conditions. 
A method for manufacturing a microlens according to 

another embodiment includes of forming a microlens by 
pressing a microlens mold having a reverse shape of a micro 
lens formed therein on a microlens-forming film formed on a 
substrate to transfer the reverse shape of the microlens to the 
microlens-forming film. The microlens mold is formed by 
irradiating an inorganic resist film which is formed on a mold 
Substrate with exposure light, and etching an exposed region 
of the inorganic resist film to form the reverse shape of the 
microlens. In irradiation with the exposure light, the exposure 
light is modulated to a beam profile corresponding to the 
reverse shape of the microlens using a spatial modulator 
inserted in the optical path of the exposure light. 

In the method for manufacturing the microlens, the micro 
lens mold is formed by irradiating the inorganic resist film 
formed on the mold substrate with the exposure light which is 
modulated to the beam profile corresponding to the reverse 
shape of the microlens using the spatial modulator without 
using electron beam exposure. Consequently, the desired 
reverse shape of the microlens is formed in the two-dimen 
sional plane of the inorganic film by exposure. 

Further, the depth ofthereverse shape of the microlens may 
be controlled by controlling etching conditions. 
A method for manufacturing a solid-state image sensor 

according to a further embodiment includes forming a micro 
lens on the incidence side of a light-receiving portion for 
photoelectric conversion of incident light, the microlens 
being adapted for condensing the incident light on the light 
receiving portion. The microlens is formed by pressing a 
microlens mold having a reverse shape of the microlens 
formed therein on a microlens-forming film formed on the 
incidence side of the light-receiving portion to transfer the 
reverse shape of the microlens to the microlens-forming film. 
The microlens mold is formed by irradiating an inorganic 
resist film which is formed on a mold substrate with exposure 
light by relative two-dimensional scanning, and etching an 
exposed region of the inorganic resist film to form the reverse 
shape of the microlens. The irradiation intensity of the expo 
sure light is adjusted to correspond to the depth of the reverse 
shape of the microlens from the Surface of the inorganic resist 
film on the basis of profile data of the reverse shape of the 
microlens. 

In the method for manufacturing the Solid-state image sen 
sor, the microlens is formed by the method for producing the 
microlens according to any one of the above-mentioned 
embodiments. Therefore, the microlens with a desired shape 
is formed without using electron beam exposure. 
A method for manufacturing a solid-state image sensor 

according to a further embodiment includes forming a micro 
lens on the incidence side of a light-receiving portion for 
photoelectric conversion of incident light, the microlens 
being adapted for condensing the incident light in the light 
receiving portion. The microlens is formed by pressing a 
microlens mold having a reverse shape of the microlens 
formed therein on a microlens-forming film formed on the 
incidence side of the light-receiving portion to transfer the 
reverse shape of the microlens to the microlens-forming film. 
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4 
The microlens mold is formed by irradiating an inorganic 
resist film which is formed on a mold substrate with exposure 
light, and etching an exposed region of the inorganic resist 
film to form the reverse shape of the microlens. In irradiation 
with the exposure light, the exposure light is modulated to a 
beam profile corresponding to the reverse shape of the micro 
lens using a spatial modulator inserted in the optical path of 
the exposure light. 

In the method for manufacturing the microlens, the micro 
lens mold is formed by the method for manufacturing the 
microlens according to any one of the above-mentioned 
embodiments. Consequently, the microlens with a desired 
shape is formed without using electron beam exposure. 

In the method for manufacturing a microlens according to 
any one of the above-mentioned embodiments, the desired 
reverse shape of the microlens is formed in the microlens 
mold. Therefore, the microlens with a desired shape is formed 
using the microlens mold. 

Therefore, the present application has the advantage that 
condensation characteristics of the microlens are improved. 

In addition, exposure is performed using exposure light 
without using electron beams, thereby decreasing the cost of 
an exposure device and the cost of the manufacturing process. 

In the method for manufacturing a solid-state image sensor 
according to an embodiment, the microlens is formed by the 
method for manufacturing the microlens according to any one 
of the above-described embodiments, thereby forming the 
microlens with a desired shape. Therefore, the present appli 
cation has the advantage that condensation characteristics of 
the microlens are improved. 

In addition, exposure is performed using exposure light 
without using electron beams, thereby decreasing the cost of 
an exposure device and the cost of the manufacturing process. 

Additional features and advantages are described herein, 
and will be apparent from the following Detailed Description 
and the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A to 1E are drawings showing steps of a method for 
manufacturing a microlens according to an embodiment; 

FIG. 2 is a drawing showing an example of a power gra 
dation map for exposure; 

FIG. 3 is a schematic drawing showing an example of a 
configuration of an exposure device for carrying out a method 
for manufacturing a microlens according to an embodiment; 

FIGS. 4A and 4B are diagrams illustrating an example of 
exposure by raster scanning; 

FIGS. 5A and 5B are diagrams illustrating examples of a 
galvano-drive signal and a power control signal; 

FIGS. 6A to 6E are drawings showing steps of a method for 
manufacturing a microlens according to another embodi 
ment; 

FIG. 7 is a drawing showing an example of modulation of 
exposure light with a spatial modulator; 

FIG. 8 is a schematic drawing showing an example of a 
configuration of an exposure device for carrying out a method 
for manufacturing a microlens according to an embodiment; 

FIG. 9 is a drawing showing an example of exposure light 
for forming the reverse shapes of a plurality of microlenses 
which constitute a microlens array; 

FIGS. 10A and 10B are enlarged drawings showing an 
example of exposure light for forming the reverse shapes of a 
plurality of microlenses which constitute a microlens array; 

FIGS. 11A and 11B are drawings showing steps of a 
method for manufacturing a solid-state image sensor accord 
ing to an embodiment; 
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FIG. 12 is a drawing showing a step of a method for 
manufacturing a solid-state image sensor according to an 
embodiment; 

FIG. 13 is a drawing showing a step of a method for 
manufacturing a solid-state image sensor according to an 
embodiment; 

FIG. 14 is a drawing showing a step of a method for 
manufacturing a solid-state image sensor according to an 
embodiment; and 

FIGS. 15A to 15C are drawings showing steps of a method 
for manufacturing a microlens of related art. 

DETAILED DESCRIPTION 

A method for manufacturing a microlens according to an 
embodiment is described below. 

In a method for manufacturing a microlens according to an 
embodiment, a microlens mold in which a reverse shape of a 
microlens has been formed is pressed on a microlens-forming 
film formed on a substrate to transfer the reverse shape of the 
microlens to the microlens-forming film, thereby forming the 
microlens. 
The process for forming the microlens mold is described 

with reference to process drawings of FIGS. 1A to 1E and 
FIG 2. 
As shown in FIG. 1A, an inorganic resist film 12 is formed 

on a mold substrate 11. As the mold substrate 11, a silicon 
oxide (SiO) substrate or glass substrate is used. For the 
inorganic resist film 12, for example, a transition metal oxide 
is used. For example, tungsten oxide, molybdenum oxide, an 
oxide oftungsten-molybdenum alloy, or the like is used. Such 
a material is formed on the mold substrate 11, for example, by 
sputtering. The inorganic resist film 12 is formed in an amor 
phous state. 

Next, as shown in FIG. 2B, the inorganic resist film 12 
formed on the mold substrate 11 is irradiated with exposure 
light L by relative two-dimensional Scanning. For example, 
irradiation is performed by raster scan in which irradiation in 
a direction shown by an arrow in the drawing is repeated. 

In FIGS. 1B to 1E, the mold substrate 11 is omitted. 
The irradiation method includes scanning with the expo 

sure light L in the X-axis direction each time when the mold 
substrate 11 having the inorganic resist film 12 formed 
thereon is moved in the Y-axis direction perpendicular to the 
X-axis direction. 
As the exposure light L. for example, a semiconductor laser 

beam at a wavelength of 405 nm is used. The exposure light L. 
is not limited to the laser beam, and the wavelength and the 
type of laser emission are appropriately selected according to 
the type of the inorganic resist 12. For example, a higher 
harmonic wave of a solid-state laser may be used. 

In the scanning method, for example, when the Y-axis and 
the X-axis coincide with the column direction and the row 
direction, respectively, the substrate 11 is fixed at the first 
column, and the inorganic resist film 12 is irradiated with the 
exposure light L by Scanning in the X-axis direction. 

Next, the mold substrate 11 is moved by one step in the 
Y-axis direction and fixed at the second column. Then, the 
inorganic resist film 12 is irradiated with the exposure light L. 
by Scanning in the X-axis direction. 

In this way, the substrate 11 is moved by step and fixed, and 
the inorganic resist film 12 is irradiated with the exposure 
light L by Scanning in the X-axis direction. This operation is 
repeated, for example, m times. Here, m represents the num 
ber of steps appropriately set in the Y-axis direction according 
to the size of the microlens. 
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6 
In addition, during scanning with the exposure light L, the 

irradiation intensity of the exposure light L is adjusted to 
correspond to the depth of a reverse shape of the microlens 
from the surface of the inorganic resist film 12 with reference 
to profile data of the reverse shape of the microlens. For 
example, the irradiation intensity is adjusted to match with 
the division number in the X-axis direction. 

For example, when the division number in the X-axis direc 
tion is n, in corresponds to the number of profile data items in 
the X-axis direction for a column in the Y-axis direction in the 
reverse shape of the microlens. 

For example, in one time of Scanning with the exposure 
light L., when the number of profile data items is i, the inten 
sity of the exposure light is adjusted n i times. 

For example, in a profile data map of the reverse shape of 
the microlens, ni-31 in the X-axis direction, andj=31 steps 
in the Y-axis direction. 
A power gradation map of exposure is formed to corre 

spond to the profile data map. 
For example, a power gradation map of exposure as shown 

in FIG. 2 is formed. 
Furthermore, in both the X-axis direction and the Y-axis 

direction, irradiation with the exposure light L is not per 
formed for a column and row with power data “0”. In the 
irradiation with the exposure light L. for example, the irra 
diation intensity is increased as the value of exposure power 
gradation increases. 

In this way, the power gradation of the exposure light L is 
changed to correspond to the depth of the reverse shape of the 
microlens from the surface of the inorganic resist film 12 with 
referent to the profile data of the reverse shape of the micro 
lens. Namely, the irradiation intensity is adjusted. 
As described above, the inorganic resist film 12 is exposed 

to light by raster Scanning. 
As a result, as shown in FIG. 1C, in the inorganic resist film 

12, crystallization proceeds in a portion irradiated with the 
exposure light L by thermochemical reaction due to laser 
beam irradiation, and the portion is Swollen to form a micro 
gap in the film. 

In this state, the inorganic resist film 12 is etched. 
As a result, as shown in FIG.1D, the reverse shape 13 of the 

microlens is formed in the inorganic resist film 12. 
Further, in the exposure, the reverse shape of the microlens 

may be controlled by selecting the material of the inorganic 
resist film 12. 

For example, when the inorganic resist film 12 is composed 
of tungsten oxide, the reverse shape of the microlens is 
formed in a shape in which the side wall rises, and etching 
may be performed to attain an aspect ratio. For example, 
exposure may be performed to a depth of about 100 nm from 
the surface of the inorganic resist film 12, for obtaining the 
reverse shape of the microlens. 
When the inorganic resist film 12 is composed of molyb 

denum oxide, the reverse shape of the microlens is formed in 
a shape in which the side wall is gently inclined. 

Further, when the inorganic resist film 12 is composed of 
tungsten-molybdenum alloy oxide, the inclination of the side 
wall of the reverse shape of the microlens may be adjusted by 
controlling the mixing ratio. 
The process using the inorganic resist film 12 utilizes a 

phase transition mastering (PTM) technique and is Suitable 
for forming a microlens because the half-tone depth of the 
inorganic resist film 12 may be controlled by light irradiation. 

In the above-described process, the reverse shape 13 of the 
microlens is formed in the inorganic resist film 12. When the 
process is repeated at desired lens formation positions, as 
shown in FIG.1E, reverse shapes of a plurality of microlenses 
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are formed in the inorganic resist film 12. Consequently, the 
microlens mold 10 for forming a microlens array is formed. 
The microlens mold 10 has the advantage that the reverse 

shape 13 of each microlens is formed to match with the shape 
of each microlens by controlling the quantity of exposure in 
raster Scanning. 

Although not shown in the drawings, the inorganic resist 
film 12 in which the reverse shape 13 of the microlens of the 
microlens mold 10 has been formed is pressed on a lens 
forming film formed on a Substrate and used for forming the 
microlens. As a result, the reverse shape 13 of the microlens 
is transferred to the lens-forming film to form the microlens in 
the lens-forming film. 

Therefore, a plurality of microlenses may beformed by one 
time of embossing. 

Next, an exposure device for the exposure is described with 
reference to a schematic drawing of FIG. 3. 
As shown in FIG.3, an exposure device 30 is provided with 

a light source 31 for emitting the exposure light L. The light 
Source 31 includes, for example, a semiconductor laser emit 
ter 32 for emitting the exposure light L. and a light Source 
driving unit 33 for driving the semiconductor laser emitter 32. 
The light source 31 is not limited to the semiconductor laser 
emitter, and any light source may be used as long as the 
exposure light is emitted. For example, a Solid-state laser 
emitter may be used. 
The exposure light L emitted from the light source 31 is 

passed through an optical system in which a collimeter lens 
34, a beam shaping unit 35, a galvano mirror 36, and a con 
densing optical unit 37 are arranged in that order and is 
applied to an object to be irradiated (e.g., the inorganic resist 
film 12). 
The beam shaping unit 35 includes, for example, a beam 

shaping prism. 
The angle of the galvano mirror 36 is changed by, for 

example, a galvano driving unit 38. Therefore, the irradiation 
plane is scan with the exposure light L. 

Further, a stage (not shown) is provided on the irradiation 
plane with the exposure light L in order to fix the object to be 
irradiated (e.g., the inorganic resist film formed on the Sub 
strate) The stage is moved in the X-axis direction and the 
Y-axis direction. 

Further, a host computer 41 is provided for previously 
digitizing the power gradation data of the exposure light L 
applied at each coordinate by raster scanning. Further, a 
memory 42 is provided for storing the data. In other words, 
the memory 42 stores each coordinate position in raster scan 
ning and digitized information of the power gradation data of 
the exposure light corresponding to each coordinate position. 

In addition, an exposure control unit 43 converts the coor 
dinate position of raster Scanning, which is stored in the 
memory 42, to a galvano driving signal and commands the 
galvano driving unit 38 to drive the galvano mirror 36 on the 
basis of the command. 

At the same time, the exposure control unit 43 fetches the 
digitized power gradation data corresponding to the coordi 
nate positions of raster Scanning, converts the data into power 
control signals, and commands the light source driving unit 
33. In the light source driving unit 33, the intensity of the 
exposure light L is obtained according to the power control 
signals so that the exposure light L is emitted from the light 
source 31. 

Next, exposure by raster scanning with the exposure device 
30 is described. 
The coordinate positions for obtaining the reverse shape of 

the microlens are divided into, for example, 1024 steps in the 
X-axis direction and 1024 steps in the Y-axis direction. As 
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8 
shown in FIG. 4A, the power control signals are determined 
by the exposure control unit so as to correspond to the division 
number, i.e., correspond to address “0” to address “1023” in 
the X-axis direction and address “0” to address "1023” in the 
Y-axis direction. FIG. 4A shows a case in which the exposure 
light L is scan in the X-axis direction, and the stage is scan in 
the Y-axis direction. In FIG. 4A, the power of the light source 
driving unit for emitting laser light is shown on the Z axis. 

FIG. 4B shows an example of a galvano driving signal in 
scanning with the exposure light L in the X-axis direction at 
a predetermined address in the Y-axis direction. 

Therefore, as shown in FIG. 5B which is an enlarged view 
of portion A in FIG. 5A, the galvano mirror is driven by the 
galvano driving signal for each address in the X-axis direc 
tion, and at the same time, the data is converted to the power 
control signal corresponding to each address. This operation 
is performed for address “0” to address “1023” in the X-axis 
direction to complete exposure corresponding to an address 
in the Y-axis direction. This exposure is preformed for address 
“0” to address “1023” in the Y-axis direction to expose the 
portion of the reverse shape of one microlens. 

In the above-described method for manufacturing the 
microlens according to the embodiment, when the microlens 
mold 10 is formed, light exposure is used without using 
electron beam exposure, and the inorganic resist film 12 
formed on the mold substrate 11 is irradiated with the expo 
Sure light L by relative two-dimensional scanning on the 
inorganic resist film 12. In this exposure, the irradiation inten 
sity of the exposure light L is adjusted to correspond to the 
depth of the reverse shape of the microlens from the surface of 
the inorganic resist film 12 on the basis of the profile data of 
the reverse shape of the microlens. As a result, the inorganic 
resist film 12 is irradiated with the exposure light L adjusted 
to desired irradiation intensity in a two-dimensional plane. 

Therefore, the desired reverse shape 13 of the microlens is 
formed in the microlens mold 10. 

During etching, the depth of the reverse shape 13 of the 
microlens may be controlled by controlling the etching con 
ditions. 

Therefore, the microlens formed using the microlens mold 
10 has a shape close to or equal to a design shape, and there is 
thus the advantage that the condensation characteristics of the 
microlens are improved. 

Further, light exposure is used without using electron 
beams, thereby decreasing the cost of the exposure device and 
the cost of the manufacturing process. Since the intensity of 
the exposure light L is directly controlled, a mask may not be 
used, thereby simplifying the manufacturing process. 

Next, a method for manufacturing a microlens according to 
another embodiment is described. 

In the method for manufacturing a microlens, a microlens 
mold having a reverse shape of a microlens formed therein is 
pressed on a microlens-forming film formed on a Substrate, 
and the reverse shape of the microlens is transferred to the 
microlens-forming film to form the microlens. 
A process for forming the microlens mold is described with 

reference to process drawings of FIGS. 6A to 6E and FIG. 7. 
As shown in FIG. 6A, an inorganic resist film 12 is formed 

on a mold substrate 11. As the mold substrate, a silicon oxide 
(SiO2) Substrate or a glass Substrate is used. For the inorganic 
resist film 12, for example, a transition metal oxide is used. 
For example, tungsten oxide, molybdenum oxide, or tung 
sten-molybdenum alloy oxide, or the like is used. Such a 
material is formed on the mold substrate 11 by sputtering. The 
inorganic resist film 12 is formed in an amorphous state. 

Then, as shown in FIG. 6B, the inorganic resist film 12 
formed on the mold substrate 11 is irradiated with the expo 
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Sure light L which is modulated to a beam profile correspond 
ing to the reverse shape of the microlens. 
As the exposure light L. for example, a semiconductor laser 

beam at a wavelength of 405 nm is used. The exposure light L. 
is not limited to the laser beam, and the wavelength and type 
of laser emission are appropriately selected according to the 
type of the inorganic resist film 12. For example, a higher 
harmonic of a solid-state laser may be used. 

In FIGS. 6B to 6E, the mold substrate 11 is omitted. 
In the irradiation method, as shown in FIG. 7, the exposure 

light L is modulated to the beam profile corresponding to the 
reverse shape of the microlens by a spatial modulator 51. As 
the spatial modulator 51, for example, a movable slit 52 may 
be used. In addition, the reduced scales of a plan view and a 
sectional view of FIG. 7 are different, and a plan view is 
reduced. 

For example, an aperture 53 of the movable slit 52 is moved 
in two-dimensional directions, i.e., the X-axis direction and 
the Y-axis direction, with respect to a center of the exposure 
light L within the range of the optical diameter of the expo 
sure light L. Alternatively, the aperture 53 is eccentrically 
moved in a circle or ellipse with respect to the center of the 
exposure light L. 
As a result, the exposure light L is modulated to the beam 

profile corresponding to the desired reverse shape of the 
microlens. 

For example, when the center of the exposure light L posi 
tions at the center of the aperture 53 of the movable slit 52, an 
intensity distribution of the exposure light is, for example, 
intensity distribution A. When the movable slit 52 is moved in 
an arrow direction (for example, to the right on the X axis in 
FIG. 7), an intensity distribution of the exposure light is, for 
example, intensity distribution B. 
As described above, the exposure light L is modulated to 

the beam profile (intensity distribution) corresponding to the 
reverse shape of the microlens shown in FIG. 6B by the spatial 
modulator 51 and applied to the inorganic resist film 12. 
As a result, as shown in FIG. 6C, in the inorganic resist film 

12, crystallization proceeds in a portion irradiated with the 
exposure light L by thermochemical reaction due to laser 
beam irradiation, and the portion is Swollen to form a micro 
gap in the film. 

In this state, the inorganic resist film 12 is etched. 
As a result, as shown in FIG. 6D, the reverse shape 13 of the 

microlens is formed in the inorganic resist film 12. 
Further, in the exposure, the reverse shape of the microlens 

may be controlled by selecting the material of the inorganic 
resist film 12. 

For example, when the inorganic resist film 12 is composed 
of tungsten oxide, the reverse shape of the microlens is 
formed in a state in which the side wall rises, and etching may 
be performed to attain an aspect ratio. For example, exposure 
may be performed to a depth of about 100 nm from the surface 
of the inorganic resist film 12, for obtaining the reverse shape 
of the microlens. 
When the inorganic resist film 12 is composed of molyb 

denum oxide, the reverse shape of the microlens is formed in 
a state in which the side wall is gently inclined. 

Further, when the inorganic resist film 12 is composed of 
tungsten-molybdenum alloy oxide, the inclination of the side 
wall of the reverse shape of the microlens may be adjusted by 
controlling the mixing ratio. 
The process using the inorganic resist film 12 utilizes a 

phase transition mastering (PTM) technique and is Suitable 
for forming a microlens because the half-tone depth of the 
inorganic resist film 12 may be controlled by light irradiation. 
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10 
In the above-described process, the reverse shape 13 of the 

microlens is formed in the inorganic resist film 12. When the 
process is repeated at desired lens formation positions, as 
shown in FIG. 6E, reverse shapes 13 of a plurality of micro 
lenses are formed in the inorganic resist film 12. Conse 
quently, the microlens mold 10 for forming a microlens array 
is formed. 
The microlens mold 10 has the advantage that the reverse 

shape 13 of each microlens is formed to match with the shape 
of each microlens by controlling the quantity of exposure in 
raster scanning. 

Although not shown in the drawings, the inorganic resist 
film 12 in which the reverse shape 13 of the microlens of the 
microlens mold 10 has been formed is pressed on a lens 
forming film formed on a Substrate and used for forming the 
microlens. As a result, the reverse shape 13 of the microlens 
is transferred to the lens-forming film to form the microlens in 
the lens-forming film. 

Therefore, a plurality of microlenses may beformed by one 
time of embossing. 

Next, an exposure device for the exposure is described with 
reference to a schematic drawing of FIG.8. 
As shown in FIG. 8, an exposure device 50 is provided with 

a light source 31 for emitting the exposure light L. The light 
Source 31 includes, for example, a semiconductor laser emit 
ter 32 for emitting the exposure light L. and a light source 
driving unit 33 for driving the semiconductor laser emitter 32. 
The light source 31 is not limited to the semiconductor laser 
emitter, and any light source may be used as long as the 
exposure light is emitted. For example, a Solid-state laser 
emitter may be used. 
The exposure light Lemitted from the light source 31 is 

passed through an optical system in which a collimeter lens 
34, a beam shaping unit 35, a spatial modulator 51 (e.g., the 
movable slit 52), a mirror 55, and a condensing optical unit 37 
are arranged in that order and is applied to an object to be 
irradiated (e.g., the inorganic resist film 12). 
The beam shaping unit 35 includes, for example, a beam 

shaping prism. 
As described with reference to FIG. 7, the movable slit 52 

is moved to modulate the exposure light L to the beam profile 
(intensity distribution) corresponding to the reverse shape of 
the microlens. 
As the mirror 55, a general reflecting mirror is used. Alter 

natively, the mirror 55 may be, for example, a galvano mirror 
So as to permit fine adjustment of the irradiation position of 
the exposure light L. In this case, a galvano mirror driving 
portion (not shown) is provided. 

Further, a stage (not shown) is provided on the irradiation 
plane with the exposure light L, for fixing the object to be 
irradiated (e.g., the inorganic resist film formed on the Sub 
strate). The stage is moved in the X-axis direction and the 
Y-axis direction. 

Further, a host computer 41 is provided for previously 
digitizing the power modulation data of the exposure light L. 
and a memory 42 is provided for storing the data. In other 
words, the memory 42 stores each coordinate position and 
digitized information of the power modulation data of the 
exposure light corresponding to each coordinate position. 

In addition, the exposure control unit 43 converts each 
coordinate position stored in the memory 42 to a spatial 
modulation signal (for example, a movable slit driving signal) 
and commands the spatial modulator 51 (e.g., the movable slit 
52) to drive the spatial modulator 51 (e.g., the movable slit 52) 
on the basis of the command. 
At the same time, the exposure control unit 43 takes out the 

power modulation data corresponding to each coordinate 
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position and converts the data to a power control signal to 
command the light source driving unit 33. In the light Source 
driving unit 33, the exposure light L is emitted from the light 
source 31 so as to obtain the intensity of the exposure light L. 
in accordance with the power control signal. 

FIG. 9 shows an example of exposure light for obtaining 
reverse shapes of a plurality of microlenses which form a 
microlens array and sectional views of lens shapes obtained 
by the exposure light at respective positions. The sectional 
views at the respective positions include, for example, an 
A-A section, a B-B' section, a C-C section, a D-D' section, a 
E-E' section, a F-F" section, a G-G' section, and a H-H sec 
tion. FIG. 10 is an enlarged view of a lens portion. 

In the manufacturing method, as shown in FIG. 9, beam 
irradiation is performed with an appropriate profile for the 
reverse shape of each microlens by moving the exposure light 
by Step in the X-axis direction and the Y-axis direction using 
the exposure device 50. 

FIG.9 shows a plurality of circular distribution diagrams at 
the center and 9 enlarged views around the diagrams, each of 
the enlarged views showing an intensity distribution of expo 
Sure light by contour lines. Each of the views shows an orange 
peel-like pattern in which the exposure light with high inten 
sity is shown by a dark portion, and the exposure light L with 
low intensity is shown by a light portion. Such gradation may 
be achieved by, for example, appropriately moving the mov 
able slit 52 in the X-axis direction and the Y-axis direction for 
the exposure light L. 

For example, as shown in FIG. 10A, the lens center may be 
shifted by an amount corresponding to a shift AX of an imag 
ing point of oblique incidence. In other words, as shown in 
FIG. 10B, each of the lenses shown in the periphery of FIG.9 
is formed by shifting its lens center from the original center 
toward the center side of the drawing by an amount corre 
sponding to the shift AX. 

In the above-described method for manufacturing the 
microlens according to the second embodiment, when the 
microlens mold 10 is formed, light exposure is used without 
using electronbeam exposure, and the inorganic resist film 12 
formed on the mold substrate 11 is irradiated with the expo 
sure light L which is modulated by the spatial modulator 51 to 
the beam profile corresponding to the reverse shape 13 of a 
microlens to be formed. As a result, the desired reverse shape 
13 of the microlens is obtained by exposure in a two-dimen 
sional plane of the inorganic resist film 12. 

Therefore, the desired reverse shape 13 of the microlens is 
formed in the microlens mold 10. 

During etching, the depth of the reverse shape 13 of the 
microlens may be controlled by controlling the etching con 
ditions. 

Therefore, the microlens formed with the microlens mold 
10 has a shape close to or equal to a design shape, and there is 
thus the advantage that the condensation characteristics of the 
microlens are improved. 

Further, light exposure is used without using electron 
beams, thereby decreasing the cost of the exposure device and 
the cost of the manufacturing process. Since the intensity of 
the exposure light L is directly controlled, a mask may not be 
used, thereby simplifying the manufacturing process. 

Next, a method for manufacturing a Solid-state image sen 
sor according to an embodiment is described with reference 
to manufacturing steps shown in FIGS. 11A to 14. Although 
a CCD solid-state image sensor is described as an example, 
microlenses of a CMOS solid-state image sensor may be 
formed by the same method as that for forming microlenses of 
a CCD solid-stage image sensor. 
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In a usual process for manufacturing a solid-state image 

sensor, as shown in FIG. 11A, pixel-separating regions (not 
shown), light-receiving portions 72, charge-reading portions 
73, charge transfer portions 74 including charge transfer elec 
trodes, and the like are formed on a semiconductor Substrate 
71, and then a light-transmitting insulation film 75 is formed 
over the entire surface. Further, a light shielding film 77 
having apertures 76 formed above the light-receiving por 
tions 72 is formed. Further, a light-transmitting planarizing 
insulation film 78 is formed, and then a color filter layer 79 is 
formed. 

Next, as shown in FIG. 11B, a lens-forming film 81 is 
formed on the color filter layer 79. The lens-forming film 81 
is composed of for example, a resist, e.g., an ultraviolet 
curable resist. 

Next, as shown in FIG. 12, the inorganic resist film 12 is 
pressed on the lens-forming film 81, the inorganic resist film 
12 having the reverse shapes 13 of microlenses of the micro 
lens mold 10 formed by the method for manufacturing the 
microlens according to any one of the above-described 
embodiments. As a result, the reverse shapes 13 of micro 
lenses of the microlens mold 10 are transferred to form micro 
lenses 82 in the lens-forming film 81. 

Next, as shown in FIG. 13, UV light UV is transmitted 
through the microlens mold 10 to irradiate the lens-forming 
film 81, curing the lens-forming film 81 in which the micro 
lenses 82 have been formed. 

Next, as shown in FIG. 14, the microlens mold 10 (refer to 
FIG. 13) is separated from the lens-forming film 81 in which 
the microlenses 82 have been formed. FIG. 14 shows a state 
after the microlens mold 10 is separated. 

In the method for manufacturing a solid-state image sensor 
according to the embodiment, the microlenses 82 are formed 
by the method for manufacturing the microlens according to 
any one of the above-described embodiments. Therefore, the 
microlenses 82 having a desired shape are formed without 
using electron beam exposure. 

Therefore, the microlenses 82 having excellent condensa 
tion characteristics are formed, thereby improving sensitivity 
of a solid-state image sensor 70. 
The above-described method for manufacturing the micro 

lens is applied to the method for manufacturing microlenses 
of a solid-state image sensor and to a method for manufac 
turing microlenses used for various electronic apparatuses. 

For example, the manufacturing method may be applied to 
microlenses serving as condensation units for collecting inci 
dent light in photoelectric conversion regions in order to 
improve sensitivity of a primary image sensor used in a fac 
simile device, or image-forming units. 
The manufacturing method may be applied to microlenses 

for improving luminance of a back light of a transflective 
liquid crystal display panel. Also, the manufacturing method 
may be applied to microlenses for increasing luminance by 
collecting light in regions around pixels in a display device 
which does not much brighten, Such as a liquid crystal display 
device. 

Further, the manufacturing method may be applied to 
microlenses serving converging units for bonding a light 
emitting device or light-receiving device to optical fibers. 

Further, the manufacturing method may be applied to 
microlenses alternative to single-part lenses used for forming 
an image on a photosensitive medium which is printed by a 
liquid crystal printer or LED printer. 

In a rear-type projector provided with a rear-type projector 
lens, i.e., a lenticular lens, the manufacturing method may be 
applied to microlenses used for resolving a problem in which 
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the angle of view in the vertical direction is small while the 
angle of view in the lateral direction is large. 

Further, the manufacturing method may be applied to 
microlenses serving as focusing plates used for automatic 
focus detection in a lens shutter camera so that, for example, 
incident light is uniformly diffused by a lens arrangement 
with a regular shape to precisely control defocusing. 

Further, the manufacturing method may be applied to 
microlenses used as filters for processing optical information. 

Further, the manufacturing method may be applied to 
microlenses used as optical pick-up elements, for example, 
optical pick-up units of a laser disk, a compact disk, or a 
magneto-optical disk. 

It should be understood by those skilled in the art that 
various modifications, combinations, Sub-combinations and 
alterations may occur depending on design requirements and 
other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 

It should be understood that various changes and modifi 
cations to the presently preferred embodiments described 
herein will be apparent to those skilled in the art. Such 
changes and modifications can be made without departing 
from the spirit and scope of the present Subject matter and 
without diminishing its intended advantages. It is therefore 
intended that such changes and modifications be covered by 
the appended claims. 

The invention is claimed as follows: 
1. A method for manufacturing microlenses comprising: 
forming a plurality of microlenses by pressing a microlens 
mold having a reverse shape of the microlenses formed 
therein on a microlens-forming film formed on a sub 
strate to transfer the reverse shape of the microlenses to 
the microlens-forming film, 

wherein the microlens mold is formed by 
irradiating an inorganic resist film which is formed on a 
mold substrate with exposure light by relative two 
dimensional scanning, an intensity profile of the 
exposure light at each irradiation position is deter 
mined by controlling an angle of a galvano mirror that 
is positioned in an optical path of the exposure light 
based on the irradiation position, and by controlling 
an irradiation intensity of the exposure light based on 
the irradiation position, and 

forming each reverse shape of the microlens by etching 
an exposed region of the inorganic resist film to form 
the reverse shape of the respective microlens, and 

wherein the irradiation intensity of the exposure light and 
the angle of the galvano mirror are changed at least once 
to correspond to the depths of different reverse shapes of 
the microlenses from the Surface of the inorganic resist 
film on the basis of profile data of the reverse shapes of 
the microlenses. 

2. The method for manufacturing the microlens according 
to claim 1, wherein when the inorganic resist film is relatively 
two-dimensionally scanned with the exposure light, Scanning 
with the exposure light in an X-axis direction is performed at 
each time the Substrate on which the inorganic resist film has 
been formed is moved in a Y-axis direction perpendicular to 
the X-axis direction. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

14 
3. The method for manufacturing the microlens according 

to claim 1, wherein the depths of the reverse shapes of the 
microlenses are controlled by controlling etching conditions 
for the inorganic resist film. 

4. A method for manufacturing a solid-state image sensor 
comprising: 

forming microlenses on the incidence side of a light-re 
ceiving portion for photoelectric conversion of incident 
light, the microlenses being adapted for condensing the 
incident light on the light-receiving portion; 

wherein the microlenses are formed by pressing a micro 
lens mold having a reverse shape of the microlenses 
formed therein on a microlens-forming film formed on 
the incidence side of the light-receiving portion to trans 
fer the reverse shapes of the microlenses to the micro 
lens-forming film, 

wherein the microlens mold is formed by 
irradiating an inorganic resist film which is formed on a 
mold substrate with exposure light by relative two 
dimensional scanning, an intensity profile of the 
exposure light at each irradiation position is deter 
mined by controlling an angle of a galvano mirror that 
is positioned in an optical path of the exposure light 
based on the irradiation position, and by controlling 
an irradiation intensity of the exposure light based on 
the irradiation position, and 

forming each reverse shape of the microlens is formed 
by etching an exposed region of the inorganic resist 
film to form the reverse shape of the respective micro 
lens, and 

wherein the irradiation intensity of the exposure light and 
the angle of the galvano mirror are changed at least once 
to correspond to the depths of different reverse shapes of 
the microlenses from the Surface of the inorganic resist 
film on the basis of profile data of the reverse shapes of 
the microlenses. 

5. The method for manufacturing the microlens according 
to claim 1, wherein the inorganic resist is composed of molyb 
denum oxide, or tungsten-molybdenum alloy oxide. 

6. The method for manufacturing the microlens according 
to claim 1, wherein the exposure light emitting from a light 
Source is passed through an optical system including a colli 
mator lens, a beam shaping unit, the galvano mirror, and a 
condensing unit in that order. 

7. The method for manufacturing the microlens according 
to claim 1, wherein in addition to the two-dimensional scan 
ning of exposure light performed over the inorganic resist film 
during formation of the microlens mold, the galvano mirror 
enables a secondary scanning of the exposure light at a for 
mation location of each of the microlenses. 

8. The method for manufacturing the microlens according 
to claim 1, wherein an exposure control unit converts coordi 
nate positions of the relative two-dimensional scanning, 
which is stored in a memory, to a galvanic driving signal and 
commands a galvano driving unit to drive the galvano mirror 
on the basis of the command. 

9. The method for manufacturing the microlens according 
to claim 1, wherein the irradiation intensity of the exposure is 
controlled without using a mask. 
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